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Early planting of indeterminate soybean varieties has increased yield potential in
Mississippi. Narrow row patterns have effectively alleviated canopy closure problems
and maximized light interception. Stresses related to inadequate drainage persist. Field
experiments were conducted in 2006 and 2007 to evaluate productivity and profitability
of bedding systems to minimize stresses related to poor drainage.
Soybean planted on a conventional 100 cm bedding system provided a higher
degree of growth and development and higher seed yields than flat plantings when border
irrigated both years. Raised 100 cm-wide beds offered 23 to 45% greater net returns
above input costs relative to flat plantings in 2006 and 2007 respectively. Under
simulated flood irrigation, soybean planted on 200 cm-wide beds produced yields similar
to conventional beds in 2006; however in 2007 200 cm-wide beds produced higher yields
than flat planted plots but lower than 100 cm-wide beds.
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CHAPTER I
INTRODUCTION
Though native to Southeast Asia, 32 % of the world’s soybean [Glycine max. (L.)
Merr.] hectareage is grown in the US, accounting for 40 % (71.33 million metric tons) of
world production in 2005 (FAO 2007). Brazil, Australia, Argentina, and China are other
major soybean producing countries (Hoeft et al. 2000). Soybean was planted to
approximately 26 million ha in the United States in 2007, second only in hectareage of
row crops to corn (Zea mays L.), planted to 37 million ha. The value of US soybean
production was 26.7 billion dollars, second only to that of corn, valued at 52.1 billion
dollars. Mississippi soybean hectareage in the 2007 growing season ranked number 13 of
50 states at 600,000 ha. The value of soybean production for Mississippi was 525 million
dollars, exceeding the 521 million dollar value of corn. Mississippi was 14th in the nation
in productivity at 1500 metric tons and 8th in yield at 2600 kg ha-1 (NASS 2007). Due to
the economic value of soybean as a crop, improving productivity of soybean hectares
holds potential to drastically affect the state economy.
Soybean is an annual photoperiodic plant with wide variation in morphological
structures. Soybean can have relatively few to a many branches. The plant generally
develops a diffuse root system consisting of a taproot, a number of secondary roots, and
orders of other roots. Leaves are trifoliate, and leaflets are 6-15 cm long and 2-7 cm wide.
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Leaves, stems, and pods are covered by fine pubescence, brown to gray in color. Flowers
are small, inconspicuous, and cleistogamous. They are borne in axillary racemes and are
white, pink, or purple. Fruit consists of hairy pods 3 to 8 cm in length and found in
clusters of three to five. Pods contain 3 seeds on average, 5 to 11 mm in diameter.
Soybean is a legume and forms a symbiotic relationship with the bacteria
Bradyrhizobium japonicum. The first nodules appear around 7 d after emergence and at
maturity the root system is heavily nodulated under ideal conditions (Hoeft et al. 2000).
Growth is divided into vegetative and reproductive stages.
Soybean development is divided into two growth patterns. The indeterminate
growth pattern consists of a stem whose terminal bud continues vegetative growth
through maturity (Fehr and Caviness 1977). Reproductive growth begins when the plant
has around 6 to 10 nodes and has acquired around half of the final plant height. From this
point to maturity, indeterminate soybean will carry out vegetative and reproductive
growth simultaneously with little lateral branching. Blooming will first occur around the
seventh node and will progress both upward and downward. Fruit are borne only in
axillary racemes. The determinate growth pattern obtains most of the final vegetative
growth prior to initiation of reproductive stages. Blooming occurs almost simultaneously
throughout the plant, and fruit is borne in axillary racemes and a terminal raceme.
Determinate cultivars branch more extensively.
Soybean cultivars are classified by maturity group (MG). MGs are expressed as
roman numerals (000-X) and identify the geographical zone where the MG is best
adapted. Soybean is a short-day plant, and floral induction only occurs when days are
shorter than some critical length; subsequent temperatures determine when flowers will
2

appear. Cultivars are designated as early-, mid-, or full-season, and the terminology is
location-specific. A full-season cultivar from the northern US latitudes planted in the
midsouth results in the variety maturing much earlier in response to the shorter daylengths. The full-season northern cultivar is considered an early-season cultivar in the
midsouth. Typically, indeterminate growth patterns are found in MGs IV and earlier;
conversely, cultivars in MG V and later exhibit determinate growth patterns.
Soybean cultivation is suited for climates with hot summers, with optimum
growing temperatures between 21 and 29° C (Hoeft et al. 2000). Temperatures above or
below the optimal range have the potential to retard growth. Soybean grows best in moist
alluvial soils with high organic matter. Soybean is a legume, and therefore meets nitrogen
requirements of up to 353 kg ha-1 during a growing season via symbiosis with the
bacterium B. japonicum (Ferguson and De Groot 2000). The bacteria fix nitrogen for the
plant and in return receive photosynthates from the soybean. The bacterial fixation
process requires a great deal of energy and complicated biochemistry. Suitable
environmental conditions for optimal soybean growth parallel conditions suitable for
survival of B. japonicum.
According to ancient records, the Chinese first domesticated the soybean around
664 B.C. (Hymowitz 2004). It was introduced into Europe in the eighteenth century and
into the US around 1765. Asian cultures utilized soybean as a food source as well as a
cover crop to fix nitrogen in rotation with other food crops. Early use in the US was
solely as a forage crop. Sometime in the 1920s, soybean shifted from primarily an
industrial crop to a potential food crop in the US. Soybean is important globally as a
source of oil and protein, and generally classed as vegetable or food type. The high oil
3

and protein content account for 60 % of dry soybean by weight, 40 and 20 %
respectively. The remaining dry weight consists of 35 % carbohydrate and 5 % ash. The
bulk of the soybean crop is solvent-extracted for vegetable oil. Defatted soy meal is used
for animal food and other products appear in processed foods. A small portion of the
crop, the vegetable type, is also directly consumed by humans.
The Mississippi River alluvial flood plain is one of the largest contiguous and
most intensively farmed agricultural areas of the United States. In Mississippi, an 18,000
km2 area of this territory is locally referred to as the “Delta”. Soybean and cotton
(Gossipium hirsutum L.) production emerged in conjunction in the region; therefore, the
two systems utilized much of the same equipment and many of the same practices.
Historically, MG V, VI, and VII soybean cultivars were planted in June or July on wide
(96 cm and greater) row spacings. Mechanical cultivation practices and directed
applications of herbicides were common. Soybean production has changed over the years
in terms of planting dates, fertility, rotations, irrigation, planting systems, weed and
disease control, varieties, and subsequent yields.
The advent of glyphosate-resistant (GR) crops and the adoption of glyphosate
defined modern row crop production. Glyphosate and GR crops, together with other nonselective broad-spectrum herbicides, have freed growers from intensive mechanical weed
control (Baylis 2000). GR technology allows control of a broad spectrum of weeds,
particularly problem perennial weeds previously only moderately controlled by tillage
and cultivation. Glyphosate, often used as the sole in-season weed-control measure, has
reduced use of residual herbicides as well, which often required incorporation. By
offering an economical means of in-season chemical weed control, the need for
4

mechanical weed removal has been eliminated. Minimal or conservation tillage practices
have been increasingly adopted due to weed control offered glyphosate-based system.
Without the need for traffic in-season, wide row spacing is no longer as appealing.
One current trend in Mississippi soybean production is the wide scale adoption of
the Early Season Planting System (ESPS). With the ESPS, early-maturing soybean
cultivars are planted in April, an effort to avoid seasonal drought and to force flowering
and pod set during more favorable weather conditions (Heatherly 1999). Planting date
proves to be a critical component of the ESPS. Soybean seedlings emerge before most
summer annual weeds, thereby giving soybean a competitive advantage over weeds that
emerge several weeks after planting and are generally controlled with glyphosate.
Soybean may also avoid periods of high disease and insect pressure that typically occur
later in the growing season. The conventional soybean production system (CSPS) utilized
MG V, VI, and VII; conversely the ESPS utilizes MG III, IV, and V. With this shift in
MG comes a shift in growth from determinate to indeterminate patterns. Indeterminate
soybeans do not branch as extensively nor show the overall vegetative growth of
determinate patterns.
With most beneficial changes come some trade-offs. The early planting in the
ESPS often subjects both soybean seed and seedlings to cool, moist soils. The adverse
conditions can lead to reduced seed germination and high seedling disease incidence,
resulting in poor stands and the need to replant. These problems have led to increasing
adoption of seed-applied fungicide treatments to reduce the probability of a replant
situation. Also, utilization of indeterminate soybean cultivars means plants will not
branch extensively as seen with conventional determinate cultivars. The trade-off of
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branching for early maturity results in delay or even loss of canopy closure. Exacerbating
this canopy closure problem is shorter, less vegetative growth seen by soybean planted in
cool soils and in sub-optimum light conditions. Cool, wet soils affect plant hormone
relationships, and result in shorter stunted plants. Poor light quality and short day length
of early planting periods dictate the need for an efficient or light-interception plant
arrangement. Soybean also does not reach the overall growth on fine-textured clay soils
as seen on coarser soils.
One problem encountered with use of ESPS is herbicidal injury. Preemergence
(PRE) use of herbicides has decreased with the ESPS consequently. Excessive rainfall
promotes herbicide mobility. Cool, wet conditions following application of PRE
herbicides hinder the soybean’s ability to metabolize the herbicide, which is the primary
mode of crop selectivity. Coupled with the increased incidence of herbicidal injury in the
ESPS is the misconception that the early planting and competitive edge eliminates the
need for a residual herbicide. Poston et al. (2008) documented not only injury, but delays
in growth and development for soybeans injured with PRE herbicides by cool, wet
conditions. Due to the problems associated with PRE applications at planting in the
ESPS, growth and development and subsequent canopy closure are of utmost importance.
Another problem encountered in, likely resulting from adoption of both minimal
tillage and the glyphosate-only system, is selection pressure for weeds resistant to
glyphosate. Reducing tillage practices causes shifts in weed dynamics, spatially and
temporally within a field. Shifts in weeds toward smaller seeded broadleaves and grasses,
which can germinate on the surface, increase with reduction in tillage. Also, with reliance
solely on glyphosate, increases in both numbers of populations and species tolerant or
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even resistant to the herbicide glyphosate are increasing. However, improving early
growth and development of soybean, resulting in fast canopy closure and inhibition of
weed germination, is likely to be a major player in resistance management as well.
The ESPS results in less extensive vegetative growth, a reduced need for
mechanical weed control, and an increased need for maximum light interception.
Accordingly, row spacing on many hectares has narrowed. Seventy percent of
Mississippi Delta growers planted soybean using row spacings of 38- to 51 cm for some
acres in 2000 (Zhang et al. 2001). Narrow rows generally utilize higher seeding rates.
Manipulation of inter- and intra-row spacing facilitates fast canopy closure and
distributes plants more evenly. Even distribution maximizes light interception and growth
and development by eliminating competition between plants. The yield advantage of
narrow rows seems more evident with sufficient moisture (Taylor 1980). Consequently,
narrow row configurations work well in areas where early season soil moisture is not a
limiting factor. The moisture effect is likely due to the higher plant populations seen in
narrow row configurations (Heatherly et al. 1999). Greater plant populations increase
transpiration rates and water requirements (Reicosky and Heatherly 1990). Because of
that fact, narrow rows planted early are the best option for marginal dryland ground,
maximizing likelihood of profitability. Planting two rows (twin-row) on one seedbed is
increasing in popularity. Twin-row systems generally have two drills spaced 20 to 25 cm
apart on 76 to 102 cm row centers, allowing planting on beds at a row spacing less than
the bed width. For example, twin-rows spaced 20 cm apart on 96 cm beds offers the
equivalent narrow row light interception of single rows spaced 76 cm apart. The
configuration essentially allows narrow row spacing and its advantages without losing
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advantages seen in wide row production such as ability to drive through the crop and
efficient furrow irrigation.
Irrigation in the Mississippi Delta is inexpensive relative to other regions of the
United States. Irrigation has been widely implemented to minimize yearly variation in
soybean yields. According to the United States Census of Agriculture, 28 % of
Mississippi soybean hectareage was irrigated in 2002, and that percentage is likely higher
to date. Most irrigated soybean hectares use surface methods including furrow, flood, and
border irrigation. Profitability of irrigation in the region is primarily due to early planting
and reduced costs of surface irrigation. In furrow irrigation, water runs along furrows
between rows down the slope of a field. Contour flood irrigation utilizes levees
constructed around areas of a field of similar elevation. Water is pumped into the highest
bay until inundated, then cascaded down bays in decreasing elevations. Border irrigation
utilizes borders or dikes to guide water down the slope of a field, a hybrid between
furrow and flood irrigation systems. Many acres of Mississippi soybean production are
routinely grown in rotation with rice (Oryza sativa L.). Both crops can adapt to clayey
soils of the midsouthern United States. Rice grown in the region is generally floodirrigated; consequently the majority of soybeans grown in rotation with rice are also
flood-irrigated.
Another trend gaining popularity nationwide, and to some degree in Mississippi,
is the use of conservation- or no-till practices. These practices apply minimal to no
disturbance to the topsoil, reducing runoff, nutrient loss, and erosion. Research cites
several benefits to soil structure including increased organic matter content, aggregate
stability, and macroporosity (Douglas and Goss 1982; Lal et al., 1990; Blackwell and
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Blackwell 1989). Changes seen with NT systems may have positive or negative impacts
on crop growth dependent on soil type, drainage, and environment. In an extensive
literature review on no till practices, DeFelice et al. (2006) concluded that no-till
practices performed poorly in areas with cool, moist soils but was successful in warm,
well-drained areas. Aside from the soil benefits, the drive toward no-tillage and
conservation tillage production can in part be attributed to the desire to reduce input
costs, manage more acres with less labor, and comply with government conservation
programs. A shift to no-till systems encounters initial obstacles such as poor water
infiltration and crop root development and discourages most producers (Chen et al.
2005). No-tillage practices have been only partially adopted in the Mississippi, likely due
to high weed and disease pressure, poor natural drainage, and the need to remove
equipment ruts after harvest. Adoption of reduced tillage practices may increase due to
rising energy costs and increasing government incentive payments tied to conservation.
Clayey soils encompass 50 %, 3.7 million ha, of the lower Mississippi River
alluvial flood plain and 50 % of the Mississippi Delta region (Pettiet 1974). Soybean is
planted to the majority of the cropped clay soil (Heatherly et al. 2002). Soybean is
economically important to Mississippi; especially the Delta region where over 70 % of
the total state soybean hectareage was planted in 2006 (NASS 2007).
Clayey soils exhibit slow internal drainage and a high water-holding capacity
(Pettry and Switzer 1996). Sharkey is the dominant series of the Delta and occupies over
a half million hectares. Sharkey soils are used intensely for production of soybean, rice,
wheat (Triticum aestivum L.), cotton, grain sorghum (Sorghum bicolor L.), oats (Avena
sativa L.), and catfish (Pettry and Switzer 1996). Sharkey is composed of 60 to 90 % clay
9

and is found on flood plains with a slope dominantly less than 1% (NCSS 2004). The
series is classed as poorly drained with slow surface runoff and permeability. Sharkey has
high moisture retention at field capacity and a high permanent wilting point, typical of
soils

with

high

montmorillonite

clay

contents

(Pettry

and

Switzer

1996).

Montmorillonitic clays exhibit swelling and shrinking, as moisture content fluctuates
from wet to dry. As the moisture levels reach maximum water-holding capacity, the clay
fraction swells and impedes infiltration into the soil profile. Internal drainage is
compromised, compounding drainage problems of the nearly-level soils.
Clay soils are also prone to compaction. Oftentimes during harvest season, these
soils rut in the presence of heavy equipment traffic. Repeated use of a disk harrow can
exacerbate the compaction. Compaction alters soil porosity, the exchange of air between
the root zone and surface environment, and soil density, reducing development of roots
and the growth of plants. Compacted soil has a lower water storage capacity and a high
suction requirement for plants to extract water (Wesley 1999). Compacted soil restricts
root penetration often significantly reducing crop yield. On clay soils, a compacted
subsoil layer can also restrict infiltration away from the root zone of growing plants.
Flooding occurs due to excessive rainfall or irrigation and compromises crop
growth and grain yield. Natural flooding can be caused by overflow of rivers and creeks
into a flood plain or considered lowland flooding due to inadequate surface drainage and
slow permeability of soils in depressional areas (Sullivan et al. 2001). Unnatural flooding
can be caused by excessive irrigation or irrigation followed by rainfall. Flooding can refer
to complete submergence of the plants or waterlogging where only the roots of the crop
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are flooded. Given the inherent characteristics and abundance of clay soils in the
Mississippi Delta, waterlogging is a serious problem of soybean production.
Particles of clay soils are much smaller, and consequently the pores within clays
soils are much smaller when compared to coarser soils. As a result of the smaller pores,
clay soils also have a higher moisture retention value and consequently require relatively
little extra water to become waterlogged from field capacity in comparison to a sandy
loam soil. Precipitation in the spring months often exceeds pan evaporation for the
Mississippi Delta (Boykin 1995). High precipitation averages coupled with the
abundance of clayey soils of the region illustrates the probability of a waterlogging event.
The effects of waterlogging can vary dependent on duration of flood, varietal tolerance,
soil type, fertility levels, temperature, pathogens, and crop stage. The effects can be
divided into effects on establishment of the crop and effects on an established crop.
Given the poor drainage, high water-holding capacity, and lack of slope of clayey
soils, soil moisture can be a hindrance as well as a necessity. Timeliness of spring
planting and stand establishment is essential with the ESPS. Field work may be delayed
in soils where drainage is inadequate, including planting or field preparation for planting.
Establishing an optimum seedling stand is a critical crop production phase, and
emergence in saturated soils can also be a problem. Germination is an extremely
vulnerable stage for flooding injury. Research has demonstrated emergence of seeds
flooded for 24 hr was only 50%, where seeds exposed to 48 hr of flooding showed no
signs of emergence (Sung 1995). Excessive water can cause damage due to seed
deterioration and infection by fungal pathogens. Flooding increases the incidence of soilborne fungal diseases (Yanar et al. 1997) and germinating seeds are highly susceptible to
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fungal colonization. It is not always clear whether injury is the result of microbial
infection or direct affects of flooding. Soil saturation raises the specific heat of soil, thus
delaying warming in the spring. Temperature plays an important role in germination and
establishment of seedlings. In one study, injury related to flooded conditions was more
detrimental at 15 than 25°C (Wuebker et al. 2001). Cool, wet conditions are more likely
in the ESPS.
Due to the swelling property of montmorrillonitic clays, as moisture levels reach
maximum water-holding capacity, permeability is obstructed. The saturation leads to
numerous changes within the soil. Early effects include reduced oxygen concentrations
and gas exchange. Water fills soil pores previously filled with air, and oxygen does not
diffuse as readily through water as through dryer soil. The resulting environment
becomes hypoxic and carbon dioxide levels rise (Boru et al. 2003). Anaerobic soil
conditions lead to changes in soil chemistry. Due to anoxic conditions, facultative
anaerobes may convert nitrate to nitrogen gas through denitrification (Ponnamperuma
1972). Nitrate can function as a nitrogen source for periods of anoxia and also as an
alternative electron acceptor to oxygen (Bacanamwo and Purcell 1999). As the reducing
intensity of soil increases, oxides of manganese and iron are also reduced to highly
soluble cations which can enter roots, interfering with enzyme function and damaging
membranes (Laanbroek 1990). Sulfate may also be reduced to a state poisonous to
respiratory enzymes (Ponnamperuma 1972).
Saturation in the rhizosphere of soybean also impacts soybean plant itself. These
effects can be divided into root effects and shoot effects. Elevated levels of carbon
dioxide and inadequate levels of oxygen retard root growth and function. Both growth
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and function require oxygen for aerobic respiration. Soybean root extension and root area
have been reduced by 7 days of flooding at early vegetative growth stages (Sallam and
Scott 1987). In one experiment evaluating elevated CO2 levels commonly seen in flooded
environments, Boru et al. noted reductions of 46, 73, and 86 percent in root length of
soybeans plants grown in concentrations of 15, 30, and 50% CO2 (2003). ATP supply
generated via anaerobic glycolysis is believed insufficient for the energy-dependent
uptake of N, P, and K. Flooding has been shown to cause nutrient imbalances and mineral
toxicities in non-leguminous plants (Barrick and Noble, 1993). Sullivan et al. (2001)
showed reductions in leaf nitrogen concentrations in flooded soybean relative to leaves of
control plants. Sallam and Scott (1987) noted yellowing in older leaves of flooded plants,
indicative of nitrogen translocation without replenishment by roots. The symbiosis
between B. japonicum and the soybean is also compromised. B. japonicum is an obligate
aerobe, and survival as well as function is compromised in very short periods of anoxia.
Soil saturation and subsequent cool soils at planting may adversely affect invasion of
soybean roots by B. japonicum. Flooding at V1 growth stages has been shown to
completely inhibit nodulation in soybean roots, and plants never resumed nodulation
(Sallam and Scott 1987). Aside from formation, the function of nodules also requires an
aerobic environment, often compromised by saturated soils. Nodule oxygen uptake is two
to three times that of soybean roots (Asprey and Bond 1941). In the study by Sallam and
Scott (1987), a reduction in number of nodules by 30 percent was observed following
flooding at V4 growth stages. Saturation for seven days inhibited nitrogen fixation by 55
percent (Spooner 1961). Soybean relies on soil nitrate as a nitrogen source upon
decreased nodule function and flooded conditions; however, stress is compounded
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because nitrate is removed by facultative anaerobes via denitrification in hypoxic
conditions. Soybean grown on a nitrate source has been shown less sensitive to flooding
than soybean relying on N-fixation (Buttery 1987). Flooding consequently has a two-fold
effect on nitrogen supply to soybean roots.
Waterlogging is considered a stress by soybean plants, and as such occurrence
leads to alterations in plant growth hormone relationships. Plant growth hormones
produced by the roots, i.e. cytokinins and gibberellins, decrease in concentrations.
Conversely, hormones produced by the shoots, namely auxins, abscissic acid (ABA), and
ethylene, will increase in concentration. These altered concentrations will lead to a
number of the symptoms of flooding injury. Increased ABA and ethylene levels are
partially responsible for the stomatal closure. Increased ethylene levels also stimulate
production of adventitious roots and aerynchyma tissues in an effort to supply oxygen to
the deprived root system. Sallam and Scott (1987) noted early signs of aerenchyma tissue
and adventitious root formation on the third day of flooding in soybean plants. Decreased
concentrations of gibberellins and cytokinins, which are important in membrane integrity,
lead to chlorosis and premature senescence, and low concentrations also decrease
nitrogen transport as well as decrease protein and chlorophyll synthesis (Srivastava
2001). All of the crop effects have the potential to diminish crop growth and subsequent
yield.
Most effects of flooding stress on the plant ultimately affect overall crop growth
rate (CGR). Early responses to a saturated, anoxic environment in the plant include
stomatal closure, which in turn leads to reduced water flux from the roots to the shoots.
Oosterhuis et al. (1989) found greater than 50% reduction in stomatal conductance within
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48 hr of flood initiation on soybean. Reductions of up to 60% in net photosynthesis less
than 2 days after flooding at the V4 growth stage were also documented. Linkemer et al.
(1998) attributed the reduction in CGR following flooding to reductions in net
assimilation and leaf expansion. The cumulative effect of the growth parameters is
reduction of overall CGR. Soybean height has been reduced by up to 21 % and leaf area
by a similar 20% in experiments using CO2 levels seen in flooded fields (Boru et al.
2003). Plant height can become a problem when short statures prevent efficient harvest.
In a separate study, Scott et al. (1989) found a linear correlation between harvest height
and duration of flood in vegetative and reproductive growth stages. Reductions in
biomass of up to 57% (Bacanamwo and Purcell 1999), shoot:root ratios of up to 42 %
(Boru et al. 2003), and dry matter accumulation of 23% (Oosterhuis et al. 1990; Scott et
al. 1989;) have been reported with flooding treatments. Reductions in CGR often
correlate with reductions in seed yield. Dependent on stage of growth when CGR is
affected, various yield components can be affected. Studies have been conducted to
determine sensitivity to flood damage at various growth stages as well as which yield
component is affected at that growth stage. Griffin and Saxton (1988) reported reductions
in the number of seeds per pod as well as seeds per plant when soybean was flooded at
V6. Linkemer et al. (1998) reported the most sensitive stage to be R3 in which flooding
resulted in fewer pods per plant for a yield reduction of 93%. The study also reported a
67% yield reduction by flooding at R1, with fewer branches and less pods per node, and
R5 stages, resulting from reduced seed size. The only vegetative stage of extreme
sensitivity was V2, in which flooding resulted in a 30% yield reduction as a consequence
of less branching. Seed yield reductions from flooding stress vary ranging from no yield
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reduction to complete crop failure with a 93% yield reduction (Sullivan et al. 2001;
Linkemer et al. 1998). The existing literature bank holds little information on efficiency
of various methods to alleviate problems associated with flooding or waterlogging in clay
soils, or the effects of mild flooding on high yield potential soybean.
The role of water in soybean production in Mississippi is not a simple one.
Drainage is critical to irrigation in Mississippi. Applying a sufficient amount of irrigation
in the shortest amount of time is ideal. Irrigation requires sufficient drainage to remove
excess water from the crop in a timely manner. Oftentimes, improper irrigation can be
equally as destructive as beneficial. Proper irrigation may also be detrimental if followed
by an untimely rainfall event (Heatherly and Pringle 1991), and drainage is again vital in
this situation.
Many systems are utilized to improve drainage in agricultural areas. Drainage
systems can be divided into two forms, surface drainage and subsurface or internal
drainage. Both systems require channels with the capacity to remove large amounts of
water when needed, hence it is necessary for drainage ditches to be free from obstructions
and large enough to remove excess water in a timely manner.
The terms subsurface drains and underground drains are used interchangeably.
These underground channels remove water from the zone of maximum saturation and
provide the most effective means of draining land. Examples include mole drains,
perforated plastic pipe systems, and tile drainage. Each system allows for free movement
of water from the rhizosphere of growing plants into a void below the root zone leading
to a drainage channel or outlet ditch. These systems require a high permeability of the
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subsoil, and consequently have not been adopted in the Mississippi Delta due to
abundance of impermeable clay soils.
Surface drainage systems remove excess water from the land before it infiltrates
the soil. Surface drainage systems include landplaning, land-forming, and drainage
furrows. A landplane is a large implement which smoothes fields and eliminates low
areas. Land-forming requires extensive use of large field leveling equipment and results
in smooth and gently fields. The land configuration allows water to move to an outlet
ditch and then to a natural drainage channel. Water furrows are also used for surface
drainage. A shallow ditch is constructed through low areas in the topography of a
production field, facilitating water movement from these low areas to an outlet from the
field. All of these surface drainage practices aim to more evenly remove surface water
from fields.
Little research is available on bedding systems as a means of improving drainage
in problem areas or within soybean production systems on fine-textured clayey soils.
Ridge systems are well suited for level to gently sloping fields, especially those having
soils with poor internal drainage, and for fields with furrow-irrigation (Heatherly and
Elmore 2004). Bedding refers to ridging soil or raising the seedbed above the area of
peak water accumulation or above the mean water elevation of the field. Bedding systems
vary by the height of the bed, the width of the bed, and the number of rows each bed
supports. These systems may be well-suited for the poorly-drained clay soils of the
Mississippi Delta. Some research has shown an increased tolerance of flooding due to
planting on a bed (Spooner 1961). Soybean in the study was planted on raised seedbeds
and showed injury 7 d after flooding, compared to 2 d seen in other research where
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soybean was planted flat (Griffin and Saxton 1988; Heatherly and Pringle 1991). Much of
the ridge tillage research in the US has been focused on early-season warm-up of soils for
uniform and speedier germination as well as timeliness of field operations (Hatfield et al.
1998). Takahashi et al. (2006) evaluated raised beds as a means of alleviating flood stress
seen in rice paddy fields. In the research, ridging was an attempt to raise the root systems
of growing soybean out of the saturated zone in clayey fields. Oxygen concentrations
were measured and reached only 13% in raised beds compared to the flat planted areas
where concentrations reached 3%. Soybean planted on ridges showed increased leaf
nitrogen concentrations in all growth stages except early vegetative stages relative to flat
plantings. In similar studies, soybean yield was 110 to 120% higher in elevated beds
relative to conventional cultivation (Hosokawa et al. 2005).
Wide beds capable of supporting more than one row can be constructed and could
be incorporated with the narrow row configurations currently utilized in the Mississippi
Delta and ESPS. Wider beds may also last longer than one growing season, fitting well
into increased adoption of NT or conventional tillage systems. Bedding systems also
facilitate furrow irrigation, and wide beds provide an every-other-furrow irrigation
practice commonly used. The purpose of this research was to evaluate productivity and
profitability of raised beds, variety placement, and fungicide application as well as
productivity of conventional 100 cm and wider 200 cm bedding systems under mild and
extreme flood stresses.
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CHAPTER II
PRODUCTIVITY AND PROFITABILITY OF CONVENTIONAL RAISED
SEEDBEDS FOR SOYBEAN PRODUCTION ON CLAYEY SOILS
IN THE MISSISSIPPI DELTA

ABSTRACT
Field studies were conducted in 2006 and 2007 near Elizabeth, MS to determine
the effects of raised seedbeds, variety selection, and foliar fungicides on growth, yield
and profitability of early-planted soybean grown on Sharkey clay (very fine,
montmorillonitic, nonacid, thermic, Vertic Halaquept). Extreme drought prevailed during
most of the 2006 soybean growing season and irrigation was the only reliable source of
soil moisture. Plants were 14 cm taller, leaf area index (LAI) was 52% greater, and yield
was 620 kg ha-1 greater for soybean grown on raised beds in 2006 compared to soybean
planted flat. Soil moisture was limited early in the 2007 growing season, but excessive
rainfall occurred during pod fill in July. Plants grew 9 cm taller, LAI was 107% greater,
and yield was 730 kg ha-1 greater for soybean planted on raised beds in 2007 compared to
soybean planted flat. Averaged across years, net returns above input costs (NRAIC) were
$237 ha-1 higher for soybean grown on raised beds. Averaged across years, selecting a
flood tolerant variety and using a foliar-applied strobilurin fungicide increased net returns
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and

59

kg

ha-1,

respectively.

Raising
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seedbeds

appears

a

feasible

practice to reduce the negative effects of excessive moisture often encountered with
early-planted soybean grown on clay soils in Mississippi.

INTRODUCTION
Yield potential of soybean [Glycine max (L.) Merr.] grown on heavy clay soil in
Mississippi using the Early Soybean Production System (ESPS) is often limited by
effects of excessive moisture on clayey soils with poor drainage. The Mississippi delta is
an 18000 km2 area of the lower Mississippi River alluvial flood plain. The delta, like
many large flood plains, is topographically virtually level with regards to slope. Clays
cover more than one million ha of the delta region (Pettiet 1974), and soybean is planted
on a vast majority of the cropped clay soils (Heatherly et al. 2002). Soybean is
economically important to Mississippi and the delta region in particular, where more than
70% of the total state soybean production occurs (NASS 2007). Soybean was the third
most valuable agricultural commodity in Mississippi in 2007 with annual receipts
estimated at $525 million. Therefore, changes in soybean production practices that
improve soybean yield could have large positive effects on the economy of Mississippi.
Clayey soils exhibit slow internal drainage and a high water-holding capacity
(Pettry and Switzer 1996). Sharkey is the dominant clay series in the delta and occupies
over a half million hectares. Sharkey soils are used for production of soybean, rice (Oryza
sativa L.), wheat (Triticum aestivum L.), cotton (Gossipium hirsutum L.), grain sorghum
(Sorghum bicolor L.), oats (Avena sativa L.), and catfish (Pettry and Switzer 1996).
Sharkey is 60 to 90% clay and found on flood plains with a slope predominantly less than
1% (NCSS 2004). Sharkey is classed as poorly drained with slow surface runoff and
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permeability. As montmorillonitic clay, the clay fraction swells and impedes percolation
into the profile as moisture levels rise. Internal drainage is compromised, compounding
drainage problems of the shallow-sloped soils.
Flooding may occur due to excessive rainfall, excessive irrigation, or irrigation
followed by rainfall, and compromise crop growth and grain yield. Lowland flooding,
common to the delta region and clay soils, is characterized by inadequate surface
drainage and slow permeability of depressional areas (Sullivan et al. 2001). Flooding
stress can be caused not only by complete submergence of the plants, but also
waterlogging in which only the roots of the crop are flooded. As a result of smaller soil
pores, clay soils also have higher moisture retention and consequently require relatively
little extra water to become waterlogged from field capacity when compared to coarse
textured soils. Given the inherent characteristics of clay soils and abundance of those clay
soils in the Mississippi delta, waterlogging is an extensive challenge to soybean
production in the region.
The effects of waterlogging can vary, depending on duration of flood, varietal
tolerance, crop stage, fertility levels, water and air temperature, and presence of
pathogens. Saturation of soil results in various changes to the soil itself. Water fills soil
pores and microbes metabolize the limited oxygen to hypoxic conditions, resulting in
carbon dioxide levels rising to caustic levels (Boru et al. 2003). Microbial denitrification
depletes nitrate levels under soil saturation conditions, which can serve as an alternate
electron acceptor in hypoxic soil (Ponnamperuma 1972). Germination has been reduced
by as little as 24 hr of flooding to only 50% of that in nonflooded areas (Sung 1995).
Fungal disease incidence is higher under flooded conditions (Yanar et al. 1997) and
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germinating seeds are highly susceptible to fungal pathogens. Cooler temperatures
exacerbate soybean seedling injury resulting from flooding (Wuebker et al. 2001), and
such conditions are common with the ESPS. Anaerobic, saturated soil with elevated CO2
levels hinders root extension and growth (Sallam and Scott 1987). Severe reductions in
nodulation and nodule function, as aerobic processes, have also been documented in
saturation periods longer than 2 d (Sallam and Scott 1987; Spooner 1961). Nitrate,
utilized as an alternative electron acceptor in anoxia, is important in anaerobic soil as an
alternative to N-fixation by nodules (Buttery 1987). Waterlogging also results in altered
plant hormone relationships, resulting in stomatal closure and reduced water flux from
roots. Oosterhuis et al. (1989) documented a 50% reduction in stomatal conductance and
60% reduction in net photosynthesis 2 d after onset of flooded conditions. A linear
correlation between harvest height and duration of flood during vegetative and
reproductive growth stages has been documented (Scott et al. 1989). Soybean growth
stage at onset of flood stress also dictate which yield component is affected and to what
degree yield is compromised. Linkemer et al. (1998) documented R3 to be the most
susceptible growth stage to flooding, followed closely by R1 and R5 (Fehr and Caviness,
1974). For vegetative stages, the V2 stage, defined by a fully developed trifoliate leaf
above the unifoliate node, was found to be the only non-reproductive stage in which
flooding reduced seed yield, and that finding corresponds with nodulation inhibition
found at V1 by Sallam and Scott (1987). Reductions in nodulation, leaf nitrogen
concentration, branch number, pod number, and seed size have been documented due to
flooding stresses at different growth stages (Sallam and Scott 1987; Sullivan et al. 2001;
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Boru et al. 2003; Linkemer et al. 1998). Due to the multiple flood-susceptible growth
stages of soybean, measures to minimize water stress must offer season-long protection.
Minimizing flooding stress throughout the growing season in the Mississippi delta
provides growers opportunities to produce more consistent and higher yield in crops. One
method of managing flooding stress is variety placement. University variety trials are a
common information source used by producers to select appropriate cultivars from a vast
list of available cultivars. Variety trials are typically placed in multiple locations
representing a variety of soil types and environmental conditions thereby allowing
producers to select varieties using locations most similar to their individual farm. Variety
selection is one of the most important production decisions and in most years can be
controlled totally by the producer. Despite an abundance of information, however, many
producers fail to place adequate emphasis on variety selection and placement and
inevitably place varieties in less than optimum environments. This problem is
exacerbated when producers are poorly informed and in years of short seed supply. A
common variety placement mistake in the Mississippi Delta is placement of relatively
flood-susceptible cultivars in poorly drained locations where flood stress is
commonplace. Practices used to alleviate waterlogging on clay soils may improve yield
by reducing plant stress which could possibly improve productivity and profitability for
Mississippi soybean producers. Spooner (1961) observed detrimental effects of flooding
on raised beds occurred after 7 d, in contrast to effects observed after 2 d of flooding by
Heatherly and Pringle (1991) where soybean was planted on flat soil. Fausey (1990)
reported soybean yields improved in response to improved drainage under raised bed
systems on a Clermont silt loam (fine-silty, mixed, mesic Typic Ochraqualfs). Research
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in Japan has also shown ridge tillage as a feasible means of reducing water-stress
(Takahashi et al. 2006). Yield increases of 110 to 120% have been documented in
soybean planted on beds in clay fields where flood stress is common (Hosokawa et al.
2005). Increasing productivity is an important issue with world population expansion and
limited acreage to produce world food supply.
Stobilurin-based fungicide programs have proven efficacious against commonlyoccurring soybean diseases and profitable even during periods of low commodity prices
(Blessitt et al. 2006; Spinks et al. 2006). In many instances, profitable yield responses
have occurred with strobilurin-based programs even when disease pressure is low or
difficult to detect visually. Yield responses in the absence of visible disease symptoms
may indicate other yield enhancement properties associated with strobilurin fungicides.
Strobilurin fungicides have been shown to delay senescence and improve carbon
assimilation (Vincelli 2002). The impact is great enough to improve the plant’s ability to
mitigate stresses during pod set and seed fill. Using strobilurin-based fungicide programs
should be evaluated as a standard production practice in early-planted soybean especially
given the current threat of soybean rust, profitable yield responses in the absence of
soybean rust or substantial disease pressure, and widespread adoption of the ESPS.
The objective of this research was 1) to evaluate the ability of raised seedbeds to
relieve drainage problems and evaluate the importance of variety placement in flat
plantings and raised bed systems in terms of growth, yield, and profitability of border
irrigated soybean grown on heavy clay soil in Mississippi; and 2) to evaluate the value of
foliar-applied strobilurin fungicide in the production systems on soybean yield and
profitability.
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MATERIALS AND METHODS
Field studies were conducted in 2006 and 2007 on Sharkey clay near Elizabeth,
MS. The production field was land formed at 0.2% slope and fertility levels were within
acceptable ranges for soybean production. Monoculture no-till soybean had been grown
at the test location for at least 8 years. Drainage problems were suspected and flood
irrigated soybean yield rarely exceeded 3360 kg ha-1. Henbit (Lamium amplexicaule),
redvine (Brunnichia ovata), prickly sida (Sida spinosa), common dayflower (Commelina
communis), cutleaf groundcherry (Physalis angulata), and annual grass populations
appeared to have increased over time at this location as a result of no-till production
practices. Studies were conducted utilizing a randomized complete block experimental
design with split- split-plot treatment arrangement and four replications. Main plot factor
was bedding system with soybean planted flat or on raised beds. Sub-plot factor was
variety. A relatively flood-tolerant, ‘Pioneer 94B73’, MG IV soybean and a relatively
flood-susceptible, ‘Asgrow AG4403’, MG IV soybean were utilized. Sub- sub-plot factor
was fungicide application with half the plots receiving 0.10 kg ai ha-1 of pyraclostrobin
fungicide, sold under the tradename Headline®, at the R3 growth stage, defined by a 5
mm pod in one of the four uppermost nodes of the main stem with a fully developed leaf
(Fehr and Caviness 1974) and half receiving no fungicide. Raised bed main plots were
hipped once in the fall with a 4-row disk hipper and beds were conditioned immediately
prior to planting in the spring using a do-all. Flat planted main plots were disk-harrowed
once in the fall. Soybean seed was planted 15 Apr 2006 and 31 Mar 2007 at a rate of
358,000 s ha-1 in a 1 m twin-row pattern, with the twin rows spaced 25.4 cm apart. Plots
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were 4 rows and 233 m long. Chemical weed control consisted of 0.87 kg ae ha-1
glyphosate + 0.84 kg ai ha

-1

2,4-D applied preplant by air in March, 0.94 kg ae ha-1

glyphosate applied by ground at-planting in 2006 only, 0.94 kg ae ha-1 glyphosate +
1.261 kg ai ha-1 S-metolachlor in the form of Sequence® applied by ground early
postemergence, and A late-season application of 0.87 kg ae ha-1 glyphosate + 0.021 kg ai
ha-1 of flumetsulam, targeted specifically at prickly sida control was applied by ground
approximately 3 weeks after the early postemergence application. A desiccant was also
applied prior to harvest both years and included 0.62 kg ai ha-1 paraquat + 7.72 lb ai ha-1
sodium chlorate + 1 % v/v crop oil concentrate. Lambda-cyhalothrin at 0.036 kg ai ha-1,
was applied in late July for control of southern green stink bug, Nezara viridula (L.),
brown stink bug, Euschistus servus (S.), and other common soybean insects. Irrigation of
the 13 ha production field via border irrigation was performed when soil moisture was
deficient 5 cm below the soil surface as determined by examining a soil core taken with a
soil probe. When soil 5 cm deep was too dry to form a clay ribbon, irrigation was
initiated. The irrigation system utilized 2-30 cm risers which divided the field into halves
for faster set times and a shorter total run time. Set times ranged from 20 to 48 hours and
averaged approximately 24 hr each. Polyethylene irrigation tubing was rolled along the
top side of the field and holes were punched at each row middle. Irrigation continued
until water exited each row middle on the lower end of the field and times were recorded.
Plant height was measured at 10 locations within each sub-plot around the R3
growth stage, and the average of these measurements was used in statistical analysis. An
average leaf area index (LAI) was obtained using an AccuPar Model PAR-80 linear PAR
ceptometer from Decagon Devices, Inc of Pullman, WA. The ceptometer measures
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Photosynthetically Active Radiation (PAR) in the 400-700 nm wavebands, and inverts
these readings to give a value for LAI of the plant canopy. LAI values were collected
from four locations within the two center rows of the sub- sub-plots and averaged for a
sub-plot value, also at the R3 growth stage (Fehr and Caviness, 1974). Indeterminate
soybean cultivars have achieved most of their physiological growth by R3 (Fehr and
Caviness, 1974). Fungicide treatment was applied after plants had accumulated the
majority of vegetative growth and was not included in statistical analysis of plant growth.
Soybean harvest was conducted using a John Deere 9410 combine and a grain
wagon equipped with scales to quantify yield. Each plot was harvested in one swath of
the combine, and unloaded into the grain wagon for yield quantification. Samples were
taken from each plot, moisture levels were determined for each plot, and yield was
corrected to 13% moisture prior to analysis. Production inputs within each production
year were recorded for the experiment. Estimates of costs were generated using the
Mississippi State Budget Generator (MSBG). Total treatment expenses were calculated
using actual costs for operations in each treatment, and including all direct and fixed
costs but excluding costs for land, management, and general overhead, which were
assumed equal across treatments. Direct costs included costs of seeds, pesticides,
irrigation; fuel and operation of machinery; and custom harvest and hauling. Fixed
expenses included ownership costs for tractors and implements. Income from each
experimental unit was calculated by multiplying the market-year-average price for
Mississippi ($ 0.236 kg-1 for 2006 and $0.294 kg-1 for 2007). Yearly averages were used
in order to more accurately capture market forces on yearly incomes. Net returns above
input costs were determined for each experimental unit each year. Costs of inputs of each
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experimental unit were added to the blanket operations for the entire trial site to give an
experimental unit cost (EUC). Respective yield was multiplied by the average selling
price of soybean for the respective yield of the plots for a value of Gross Returns (GR).
Hauling costs (HC) for each plot were obtained by multiplying the actual cost of hauling
on a per kg basis by the yield of the respective plot. NRAIC were obtained by the
equation NRAIC = GR – HC – EUC.
Data were analyzed using the PROC MIXED procedure in SAS (SAS Institute,
1996) with year being used as a random-effect parameter testing all possible interactions
of fixed effects. Replications (nested within years) and interactions containing replication
were considered random effects. The main effect of fungicide and all interactions
between this and other main effects were not included into statistical analysis of plant
height and LAI (Table 2.4). Plant height and LAI measures were analyzed only with
fixed effects of bedding system and variety. Soybean yield and NRAIC were analyzed
with bedding system, variety, and fungicide application considered fixed effects.
Assuming year as a random effect allows inferences to be made over a range of
environments (Carmer et al. 1989). Least square means were calculated and mean
separation (p ≤ 0.05) was produced using PDMIX800 in SAS, a macro for converting
mean separation output to letter groupings (Saxton 1998).

RESULTS
Weather and Irrigation
The production years 2006 and 2007 differed in terms of precipitation and
temperature from each other and varied markedly from the 30 yr normal values (Table
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2.1). Temperatures prior to planting in 2006 were slightly higher than the 30 yr normal,
and by planting were around 3 to 4 °C higher. Rainfall was within usual range until May,
when an extreme drought was encountered. From the time period beginning May 1 until
the end of August in 2006, rainfall was 182 mm below normal and pan evaporation (PE)
was 117 mm higher. The 2006 growing season was ultimately reliant almost solely on
irrigation, and the trial was irrigated a total of 6 times during the season. In 2007, the time
period prior to planting and the first few weeks after planting were unseasonably warm
and extremely dry. The time period beginning March 1 and ending May 31st in 2007 was
286 mm below the 30 yr normal for Stoneville MS and the problem was exacerbated by a
193 mm higher than normal PE during the time period. June of 2007 proved within
normal parameters; however, beginning in July and continuing into August, rainfall
exceeded normal by 133 mm for the period. Cooler temperatures allowed for lower PE as
well. Consequently, need for irrigation was less in 2007, and was only performed twice
during the growing season.
Both years of the trial utilized varieties with similar relative maturity, Pioneer
94B73 and Asgrow AG4403, with a difference in relative maturity of only 3 days.
Soybean was planted 15 Apr 2006 and 01 Mar 2007. Earlier planting leads to earlier
dates for reproductive stages and earlier maturity. Consequently reproductive growth was
initiated slightly earlier in 2007 than 2006. Early planting is an effort to force
reproductive stages of soybean to occur during more favorable environmental conditions,
i.e. prior to the seasonal drought often occurring in the region during July and August.
However, the 2006 trial encountered a drought coinciding with the transition from
vegetative to reproductive growth. Irrigation was initiated 22 May 2006 and conducted
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on 7 to 10 d intervals using methods described above to determine initiation times.
Rainfall was extremely limited in 2006 and irrigation was performed 6 times continuing
through August. The 2007 growing season allowed very early planting due to favorable
conditions for field entry earlier than normal. Below average rainfall led to early
irrigation initiation on 16 May 2007, and a follow up irrigation was performed early June.
However, beginning in July, precipitation was adequate and irrigation was not required
during pod set and seed fill of the 2007 crop.

Costs
Blanket costs for the entire trial area were calculated based on a per hectare basis.
These costs included cost of pesticides and their application, irrigation equipment and
electrical supply, the cost of planting equipment and fuel, and the cost of custom harvest
(Table 2.2). Costs are based on MSBG. Costs varied from 2006 to 2007 based on fuel
price fluctuations and chemical price fluctuations. Rainfall in 2007, especially in July,
significantly reduced irrigation costs. Costs of individual treatments were calculated by
adding costs of varying inputs for the respective treatment (Table 2.3) and the total
blanket treatment for the respective year. Planting costs were based on 368,000 seed ha-1.
AG4403 seed sizes varied between years. Seed size was slightly smaller with 8260 seed
kg-1 in 2006 than the 7710 seed kg-1 in 2007. Pioneer 94B73 seed was similar across both
years and seed cost was similar as well. Given the average cost of glyphosate resistant
soybean seed at $32 bag-1, which is 22.7 kg of seed and a standardized planting rate per
area, seed size can impact planting cost considerably. AG4403 was $4.45 ha-1 more
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expensive in 2007. Pioneer 94B73 seed size was 6610 seed ha-1. In 2006 and 2007, seed
cost with 94B73 was $16.78 ha-1 and $10.43 ha-1 higher than with AG4403 respectively.

Growth and Development
Interaction regarding plant height occurred between year and bedding system
(Table 2.4). Plant height was increased in both years by planting soybean onto a raised
seedbed (Table 2.5). However, canopy height at R3 of soybean planted on a raised
seedbed was 14 cm and 9 cm taller than soybean planted flat in 2006 and 2007,
respectively. Interaction occurred between variety and bedding system with respect to
plant height (Table 2.4). Increase in height as a response to raised seedbeds was not
limited to the flood susceptible variety Asgrow 4403 (Table 2.5). The relatively floodtolerant 94B73 responded to a greater extent to the elevated root system with a 13 cm
increase in height. Planting the relatively flood susceptible AG4403 atop a raised seedbed
resulted in plants only 9 cm taller than those plants in a flat planting. Larger differences
in plant height were expected in the 2006 growing season due to excessive rainfall shortly
after emergence and in the first few weeks of seedling growth (Table 2.1). Precipitation
was much higher later in the growing season of 2007, and soybean had reached most of
their final height at onset of flood stress.

LAI increased during both growing seasons

in response to the raised seedbeds (Table 2.5). LAI increased 52 and 107% in response to
raised seedbeds in 2006 and 2007, respectively.
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Seed Yield and Net Returns
Interactions between year, bedding system, and variety; between year and
fungicide application; and between bedding system, variety, and fungicide application
occurred with soybean yield (Table 2.4). In 2006, soybean yield was highest with the
relatively flood-tolerant 94B73 planted on a raised seedbed (Table 2.6). In contrast, the
lowest yield occurred with the relatively flood-susceptible AG4403 planted flat. Pioneer
94B73 outperformed AG4403 regardless of bedding system. Planting flat in 2006
reduced the yield of relatively flood-tolerant and relatively flood-susceptible varieties 9
and 14%, respectively. In 2007, yields were highest and similar with both varieties
planted on raised seedbeds. Both varieties also produced similar yields planted flat. The
lack of difference between varieties within bedding systems in 2007 is attributed to an
adverse reaction of the 94B73 to ultra-early planting in 2007. Raised seedbeds increased
yield of the relatively flood-tolerant variety 26% in 2007 compared to an increase on only
3% for the AG4403. Interaction between year and fungicide application was also noted in
the analysis. A positive and significant response was seen to fungicide application in
2006, but no significant response occurred in 2007 (data not presented). More rainfall
occurred from April through June in 2006 possibly creating a more conducive
environment for foliar disease development than occurred in 2007 when rainfall was very
limited until late-June and July. Dry conditions early in the 2007 growing season were
less conducive to disease development and April 1-planted soybean likely escaped much
disease until late pod fill, thereby reducing the value of a foliar fungicide.
With soybean yield, an interaction also occurred between bedding system, variety,
and fungicide application (Table 2.4). When analyzed by variety, pyraclostrobin
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fungicide applied to soybean planted flat increased yields of the relatively flood-tolerant
94B73 but not the relatively flood-susceptible AG4403. Fungicide applied to soybean
planted on a raised seedbed did not increase yield of either variety (Table 2.6).
Statistical analysis was performed on NRAIC as a dependent variable.
Interactions between year and bedding system and between year and variety occurred
with NRAIC (Table 2.4). In the 2006 growing season, raising the seedbed increased
NRAIC $135 ha-1 or 23% (Table 2.8). Raised seedbeds were much more economically
beneficial in 2007 when NRAIC were increased $338 ha-1, or 45%. The relatively floodtolerant 94B73 grossed $100 ha-1 more than AG4403 in 2006, a 16% increase in NRAIC.
However, in 2007, the relatively flood-tolerant 94B73 proved no more profitable than
AG4403. The difference in profitability of the variety between the two years was
attributed to the poor performance of the flood-tolerant variety following very early
planting in 2007. With regards to NRAIC, no interaction between year and main effects
or between any of the main effects occurred (Table 2.4). Application of pyraclostrobin
increased NRAIC averaged across both years (data not presented). An 8% increase in
NRAIC valued at $59 ha-1 was documented. For NRAIC, interaction between bedding
system, variety, and fungicide application also occurred (Table 2.8). Fungicide
application increased NRAIC of the relatively flood-susceptible AG4403 when planted
on a raised seed bed. Fungicide increased NRAIC of the relatively flood-tolerant 94B73
when planted flat. However, the increase was not seen in the flood susceptible variety
planted flat or the flood tolerant variety planted on a raised seedbed. Raising seedbeds did
increase NRAIC compared to flat planting in all production combinations.
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CONCLUSIONS
Soybean growth and development improved dramatically by planting into raised
seedbeds. Canopy closure occurred a few weeks earlier and was more uniform with
raised bed systems; full canopy closure was never achieved in some flat planted plots.
Reduced growth and development as a result of flooding has been reported by Scott et al.
(1989) who found a linear correlation between reduction soybean height and flood
duration. Using a flood tolerant variety proved profitable, especially in 2006 when more
timely spring rainfall occurred. Increases in early growth and development associated
with raised seedbeds could prove vital to the ESPS in the Mississippi delta, where
incomplete canopy closure of early-planted indeterminate varieties is a common problem.
Both height and LAI, a measure of leaf mass, were increased in raised bed plantings over
flat plantings, and this difference was much greater in 2007 when field conditions were
excessively wet for three or more weeks in July corresponding with pod fill. Soybean
yield was also increased by raised plantings both years of the experiment. This increase
was much greater in 2007, likely due to the excessive rainfall during reproductive stages
and susceptibility of yield to stress during those stages. Seed yield was increased by 14
and 31 % in 2006 and 2007 respectively by raising beds. The response is very similar to
results yields documented by Hosokawa et al. (2005) where soybean on ridges yielded
110 to 120 % of flat planted soybean. Takahashi et al. (2006) observed yield increases of
7 to 20 % over flat plantings in another trial evaluating ridge tillage as a means of
alleviating wet-stress. Variety placement influenced yield both years. The relatively
flood-tolerant 94B73 proved more profitable in 2006. However, in 2007, 94B73 yielded
lower than the relatively flood-susceptible AG4403. It is hypothesized AG4403
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responded favorably to the extremely early planting where 94B73 responded adversely.
The results illustrate the importance of proper variety placement. Pioneer 94B73, a
somewhat flood-tolerant variety, was more economically valuable than AG4403 planted
on heavy clay soils with drainage problems in 2006. However, AG4403 responded more
favorably to conditions associated with ultra early planting in 2007.
Fungicide application increased yield of the relatively flood-tolerant Pioneer
94B73 only when it was planted flat. Also, a numerical increase in yield occurred with
AG4403 planted on a raised seedbed. This response and trend seem to indicate that
response to fungicide may be more likely to occur when plants are moderately stressed,
since excessively stressed plots and plots with no stress generally did not respond to the
fungicide treatment. This response was much more evident in NRAIC. Application of
fungicide only significantly increased NRAIC with AG4403 grown on raised beds and
with Pioneer 94B73 planted flat. However, it is important to note that numerical increases
in NRAIC associated with foliar fungicide treatment did occur with almost all bedding
system and varietal placement combinations and that no economic losses were associated
with foliar fungicide use. Therefore, protective foliar applications of strobilurin
fungicides at the R3 growth stage should be considered by producers growing earlyplanted irrigated soybean in the Mississippi delta especially because of the ongoing threat
of Asian soybean rust (Phakopsora pachyrhizi), the likelihood of seed deterioration
associated with harvest delays caused by wet field conditions, and findings from this
study indicating economic benefits or no losses associated with foliar fungicide use.
The two years of the study encompassed: 1) a year reliant solely on irrigation and
2) a year in which natural precipitation was sufficient for crop needs and excessive during
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pod fill. Due to profitability both years, findings from this study indicate great value in
utilizing raised seedbeds for irrigated soybean production on heavy clay soils in
Mississippi. Data also illustrate the importance of proper variety selection by growers
prior to planting. Finally, the timely application of pyraclostrobin at the very least paid
for itself and offered some protection against later season diseases.
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Table 2.1. Weather variables for indicated months during 2006 and 2007 soybean
growing seasons and 30 year averages for Stoneville, MS.
Avg. air
temperature

Avg. 5 cm
Total pan
soil
Month
Max
Min
evaporation Difference† temperature
_________
˚C_________ ________________________mm_____________________
˚C
30 yr normals‡
Mar
18.4
6.9
148
148
14.2
Apr
23.5
11.8
140
156
-16
19.9
May
28.3
17.0
133
197
-64
25.6
June
32.0
21.1
102
210
-108
30.5
July
33.3
22.6
99
204
-105
32.5
Aug
33.0
21.3
52
188
-136
32.5
2006§
Mar
19.8
7.6
138
4
134
15.3
Apr
26.9
15.1
187
178
9
23.7
May
29.0
17.6
73
193
-120
27.5
June
32.9
20.7
46
234
-188
32.7
July
34.0
22.3
45
229
-184
34.1
Aug
35.3
22.6
40
226
-186
34.6
2007§
Mar
24.8
10.3
17
149
-135
19.5
Apr
23.4
11.0
86
180
-94
21.2
May
30.1
17.6
32
217
-185
28.0
June
33.3
21.3
102
216
-114
32.6
July
31.8
21.8
197
171
26
31.0
Aug
36.8
23.2
87
226
-139
36.6
† Total precipitation minus total pan evaporation.
‡ 1964-1993 (Boykin et al. 1995).
§ Monthly averages obtained from Delta Agricultural Weather Center, Delta Research
and Extension Center, Mississippi State University.
Total
precipitation
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Table 2.2. Costs of blanket inputs for field trials, 2006 and 2007.
Input

Rate

2006†

____________

Twin-row planter
Glyphosate +
2,4-D
Glyphosate
Glyphosate +
S-metolachlor
Glyphosate +
Flumetsulam
Lambda-cyhalothrin
Paraquat +
Sodium chlorate +
NIS

0.867 kg ae ha-1 +
0.84 kg ai ha -1
0.867 kg ae ha-1
0.94 kg ae ha-1 +
1.261 kg ai ha-1
0.867 kg ae ha-1 +
0.021 kg ai ha-1
0.036 kg ai ha-1
0.62 kg ai ha-1 +
7.72 lb ai ha-1 +
1 % v/v

2007†
$ ha-1____________

Planting
28.71
Pesticides‡

21.52

29.31

28.64

30.96

15.00

49.59

51.22

16.33

15.99

22.96

25.95

24.68

30.05

Irrigation§
Electric well
217 hr, 97 hr
134.40
53.77
Custom Harvest
Combine
61.78
79.07
Total Blanket Input Costs
398.71
299.68
† Costs based on Mississippi State Budget Generator (MSBG) for respective year.
‡ Applications performed March (burndown), April (At-planting), May (Early
postemergence), June (Mid-season), July (Insect threshold), and August (desiccant).
§ Irrigation began May and ended in August 2006, and began May and ended early June
2007.
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Table 2.3. Individual input costs and respective total treatment cost by year.
Input
Bedding
System‡

Cost†
Variety§

Fungicide¶

Bedding
System

Variety

______________________

Fungicide

Total
Treatment

$ ha-1______________________

2006
17.67
61.03
477.41
17.67
61.03
28.69
506.09
17.67
77.81
494.18
17.67
77.81
28.69
522.87
24.36
61.03
484.08
24.36
61.03
28.69
512.72
24.36
77.81
500.81
24.36
77.81
28.69
529.49
2007
Flat
4403
No Fungicide
18.34
65.48
383.50
Flat
4403
Pyraclostrobin
18.34
65.48
30.62
414.12
Flat
94B73
No Fungicide
18.34
75.91
393.93
Flat
94B73
Pyraclostrobin
18.34
75.91
30.62
424.55
Raised
4403
No Fungicide
25.88
65.48
390.00
Raised
4403
Pyraclostrobin
25.88
65.48
30.62
420.62
Raised
94B73
No Fungicide
25.88
75.91
401.47
Raised
94B73
Pyraclostrobin
25.88
75.91
30.62
432.09
† Respective costs for inputs based on Mississippi State Budget Generator (MSBG).
‡ Flat planted plots received a 1 pass with a disk harrow in the fall prior to planting.
Raised beds were hipped in the fall prior to planting followed by a do-all in the spring
immediately before planting.
§ Asgrow 4403 included as the relatively flood-susceptible variety and is a small seeded
variety. Pioneer 94B73 was included as the relatively flood-tolerant variety and is a
larger seeded variety. Costs for planting the respective variety were based on seed per
acre.
¶ 0.10 kg ai ha-1 pyraclostrobin as Headline® fungicide applied at the R3 growth stage
both years.
Flat
Flat
Flat
Flat
Raised
Raised
Raised
Raised

4403
4403
94B73
94B73
4403
4403
94B73
94B73

No Fungicide
Pyraclostrobin
No Fungicide
Pyraclostrobin
No Fungicide
Pyraclostrobin
No Fungicide
Pyraclostrobin
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Table 2.4. Significance levels and interactions of main effects for parameters obtained
from PROC MIXED analysis.
Net Returns
Main Effect†
Above Input
Costs
Year (Y)
0.0942
0.0689
0.0039
0.0001
Bedding system (B)
<.0001
<.0001
0.0001
0.0001
YXB
0.0211
0.0131
0.0337
0.0119
Varietal Placement (V)
<.0001
0.1034
0.0035
0.0740
YXV
0.6009
0.0602
0.0002
0.0011
BXV
0.0231
0.8475
0.8095
0.6740
YXBXV
0.4958
0.8124
0.0462
0.0624
Fungicide (F)
0.0340
0.0006
YXF
0.0457
0.0922
BXF
0.8201
0.8799
YXBXF
0.5185
0.5443
VXF
0.7057
0.7397
YXVXF
0.7344
0.7706
BXVXF
0.0226
0.0228
YXBXVXF
0.6018
0.4669
† The PROC MIXED procedure was performed where the fixed effects are the main
effects of bedding system, variety, and fungicide and all interactions of those main
effects. The random variables are block, block X year, block X year X bedding system,
and block X year X bedding system X variety.
‡ Plant Height and Leaf Area Index measurements were taken at the R3 growth stage, at
which point the fungicide application was made, so fungicide as a main effect and
interactions with fungicide were not included in statistical analysis.
Plant
Height‡

Leaf Area
Index‡
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Soybean
Yield

Table 2.5. Soybean growth and development parameters as influenced by bedding system
and significant interaction involving bedding system as a main effect.
Canopy Height†

LAI‡
Variety¶
2006#
2007#
AG4403#
94B73#
2006#
2007#
______________________________
__________________________
cm
Flat plantings
72 b
76 b
72 b
77 b
2.48 b
2.27 b
Raised beds
86 a
85 a
81 a
90 a
3.76 a
4.71 a
† Canopy height was measured at R3 growth stage when indeterminate soybean has
acquired the majority of its vegetative growth (Fehr and Caviness, 1974).
‡ Leaf area index, quantified indirectly by an AccuPar Model PAR-80 linear PAR
ceptometer manufactured by Decagon Devices, Inc of Pullman, WA, also measured at R3
growth stage.
§ Flat planted plots received a 1 pass with a disk harrow in the fall prior to planting. Raised
beds were hipped in the fall followed by a do-all in the spring immediately prior to
planting
¶ Asgrow 4403 included as the relatively flood-susceptible variety and Pioneer 94B73 was
included as the relatively flood-tolerant variety.
# Means followed by the same letter for within each column are not significantly different
at p < 0.05.
Bedding
System§

Year

Table 2.6. Yield response of a two soybean varieties to flat plantings and raised beds in
2006 and 2007 and varietal response to application of fungicide in flat
plantings and raised beds.
Bedding
2006†
System§ AG4403 94B73

2007†
AG4403†‡
94B73†
AG4403 94B73
NP¶
P
NP
P
_________________________________________
kg ha-1__________________________________________
Flat
4430 c 5040 b 5000 b 3870 b 4270 bc 4250 c 4300 c 4600 b
Raised
5160 b 5550 a 5150 a 5200 a 5040 a 5270 a 5370 a 5370 a
† Means followed by the same letter within year or variety are not significantly different
at p < 0.05.
‡ Asgrow 4403 included as the relatively flood-susceptible variety and Pioneer 94B73
was included as the relatively flood-tolerant variety.
§ Flat planted plots received a 1 pass with a disk harrow in the fall prior to planting.
Raised beds were hipped in the fall followed by a do-all in the spring immediately before
planting.
¶ No fungicidal protection (NP), Fungicidal protection (P); plots received 0.10 kg ai ha-1
pyraclostrobin in the form of Headline® fungicide at the R3 growth stage (Fehr and
Caviness 1974).
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Table 2.7. Net Returns Above Input Costs of soybean production as impacted by bedding
system and varietal placement, Stoneville MS, 2006 and 2007.
Main Effect

2006†

_________________

2007†

-1__________________

$ ha
Bedding System‡
Raised bed
745 a
1090 a
Flat planting
606 b
752 b
Variety§
Asgrow 4403 RR
626 b
940 a
Pioneer 94B73 RR
725 a
903 a
† Means followed by the same letter within year for each main effect are not significantly
different at p < 0.05.
‡ Flat planted plots received a 1 pass with a disk harrow in the fall prior to planting.
Raised beds were hipped in the fall prior to planting followed by a do-all in the spring
immediately before planting.
§ Asgrow 4403 included as the relatively flood-susceptible variety and Pioneer 94B73
was included as the relatively flood-tolerant variety

Table 2.8. Net Returns Above Input Costs of two soybean varieties as influenced by
bedding system and fungicide application, Stoneville, MS 2006-2007.
Bedding
System†

Asgrow 4403§
NP‡
P

Pioneer 94B73

NP
P
$ ha-1________________________________
Raised bed
854 b¶
943 a
924 a
949 a
Flat planting
657 d
676 d
639 d
743 c
† Flat planted plots received a 1 pass with a disk harrow in the fall prior to planting.
Raised beds were hipped in the fall prior to planting followed by a do-all in the spring
immediately before planting.
‡ No fungicidal protection (NP), Fungicidal protection (P); plots received 0.10 kg ai ha-1
pyraclostrobin in the form of Headline® fungicide at the R3 growth stage (Fehr and
Caviness 1974).
§ Asgrow 4403 included as the relatively flood-susceptible variety and Pioneer 94B73
was included as the relatively flood-tolerant variety.
¶ Means followed by the same letter are not significantly different at p < 0.05.
_________________________________
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CHAPTER III
EVALUATION OF CONVENTIONAL AND WIDE BEDS FOR SOYBEAN
PRODUCTION ON CLAYEY SOILS

ABSTRACT
Poor drainage and flooding stresses are often encountered in soybean production
in the Mississippi Delta due to the nature of the clay soils, in which the majority of
soybean in Mississippi is grown. Field studies were conducted in 2006 and 2007 to
evaluate the practice of conventional 100 cm-wide bedding systems and wider 200 cm
bedding systems as a means to alleviate stresses caused by flooded conditions. The
effects of varietal tolerance, bedding systems, and flood duration on soybean growth and
development were evaluated in a small plot field experiment at Stoneville, MS on a
Sharkey (very fine, montmorillonitic, nonacid, thermic, Vertic Halaquept) clay. The trial
encompassed two very different environmental years, and interactions between year and
main effect occurred. In the 2006 growing season which encompassed a severe in-season
drought, root growth was only reduced by a 4 day duration flood. Plant growth and
development was similar between no flood and a 2 d flood, and was reduced when flood
duration exceeded 2 d. Yield was reduced by a 2 or 4 d duration flood. Yields were 180
and 470 kg ha-1 higher, respectively, in 200- and 100-cm-wide beds compared to flat
plantings (5300 kg ha-1). In 2007 precipitation was excessive late in June, immediately
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following imposed flood treatments. Flooding injury to root and plant parameters caused
by flood treatments was exaggerated. Varietal difference in yield was high, resulting in a
12% increase for a flood-tolerant variety. Yield reductions were 6 and 19% for a 2 and 4
d flood duration respectively. Differences from bedding systems were minimal and only
the conventional 100 cm beds offered higher yields than flat plantings.

INTRODUCTION
Yield potential of soybean [Glycine max (L.) Merr.] grown on heavy clay soil in
Mississippi using the Early Soybean Production System (ESPS) is often limited by
effects of excessive moisture on clayey soils with poor drainage. The Mississippi delta is
an 18000 km2 area of the lower Mississippi River alluvial flood plain. The delta, like
many large flood plains, is topographically virtually level with regards to slope. Clays
cover more than one million ha of the delta region (Pettiet 1974), and soybean is planted
on a vast majority of the cropped clay soils (Heatherly et al. 2002). Soybean is
economically important to Mississippi and the delta region in particular, where more than
70% of the total state soybean production occurs (NASS 2007). Soybean was the third
most valuable agricultural commodity in Mississippi in 2007 with annual receipts
estimated at $515 million. Therefore, changes in soybean production practices that
improve soybean yield could have large positive effects on the economy of Mississippi.
Clayey soils exhibit slow internal drainage and a high water-holding capacity
(Pettry and Switzer 1996). Sharkey is the dominant clay series in the delta and occupies
over a half million hectares. Sharkey soils are used for production of soybean, rice (Oryza
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sativa L.), wheat (Triticum aestivum L.), cotton (Gossipium hirsutum L.), grain sorghum
(Sorghum bicolor L.), oats (Avena sativa L.), and catfish (Pettry and Switzer 1996).
Sharkey is 60 to 90% clay and found on flood plains with a slope predominantly less than
1% (NCSS 2004). Sharkey is classed as poorly drained with slow surface runoff and
permeability. As montmorillonitic clay, the clay fraction swells and impedes percolation
into the profile as moisture levels rise. Internal drainage is compromised, compounding
drainage problems of the shallow-sloped soils.
Flooding may occur due to excessive rainfall, excessive irrigation, or irrigation
followed by rainfall, and compromise crop growth and grain yield. Lowland flooding,
common to the delta region and clay soils, is characterized by inadequate surface
drainage and slow permeability of depressional areas (Sullivan et al. 2001). Flooding
stress can be caused not only by complete submergence of the plants, but also
waterlogging in which only the roots of the crop are flooded. As a result of smaller soil
pores, clay soils also have higher moisture retention and consequently require relatively
little extra water to become waterlogged from field capacity when compared to coarse
textured soils. Given the inherent characteristics of clay soils and abundance of those clay
soils in the Mississippi delta, waterlogging is an extensive challenge to soybean
production in the region.
The effects of waterlogging can vary, depending on duration of flood, varietal
tolerance, crop stage, fertility levels, temperature, and presence of pathogens. Saturation
of soil results in various changes to the soil itself. Water fills soil pores and microbes
metabolize the limited oxygen to hypoxic conditions, resulting in carbon dioxide levels
rising to caustic levels (Boru et al. 2003). Microbial denitrification depletes nitrate levels
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under soil saturation conditions, which can serve as an alternate electron acceptor in
hypoxic soil (Ponnamperuma 1972). Germination has been reduced by as little as 24 hr of
flooding to only 50% of that in nonflooded areas (Sung 1995). Fungal disease incidence
is higher under flooded conditions (Yanar et al. 1997) and germinating seeds are highly
susceptible to fungal pathogens. Cooler temperatures exacerbate soybean seedling injury
resulting from flooding (Wuebker et al. 2001), and such conditions are common with the
ESPS. Anaerobic, saturated soil with elevated CO2 levels hinders root extension and
growth (Sallam and Scott 1987). Severe reductions in nodulation and nodule function, as
aerobic processes, have also been documented in saturation periods longer than 2 days
(Sallam and Scott 1987; Spooner 1961). Nitrate, utilized as an alternative electron
acceptor in anoxia, is important in anaerobic soil as an alternative to N-fixation by
nodules (Buttery 1987). Waterlogging also results in altered plant hormone relationships,
resulting in stomatal closure and reduced water flux from roots. Oosterhuis et al. (1989)
documented a 50% reduction in stomatal conductance and 60% reduction in net
photosynthesis 2 d after onset of flooded conditions. A linear correlation between harvest
height and duration of flood during vegetative and reproductive growth stages has been
documented (Scott et al. 1989). Soybean growth stage at onset of flood stress also dictate
which yield component is affected and to what degree yield is compromised. Linkemer et
al. (1998) documented R3 to be the most susceptible growth stage to flooding, followed
closely by R1 and R5 (Fehr and Caviness, 1974). For vegetative stages, the V2 stage,
defined by a fully developed trifoliate leaf above the unifoliate node, was found to be the
only non-reproductive stage in which flooding reduced seed yield, and that finding
corresponds with nodulation inhibition found at V1 by Sallam and Scott (1987).
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Reductions in nodulation, leaf nitrogen concentration, branch number, pod number, and
seed size have been documented due to flooding stresses at different growth stages
(Sallam and Scott 1987; Sullivan et al. 2001; Boru et al. 2003; Linkemer et al. 1998). Due
to the multiple flood-susceptible growth stages of soybean, measures to minimize water
stress must offer season-long protection.
Minimizing flooding stress throughout the growing season in the Mississippi delta
provides growers opportunities to produce more consistent and higher yield in crops. One
method of managing flooding stress is variety placement. University variety trials are a
common information source used by producers to select appropriate cultivars from a vast
list of available cultivars. Variety trials are typically placed in multiple locations
representing a variety of soil types and environmental conditions thereby allowing
producers to select varieties using locations most similar to their individual farm. Variety
selection is one of the most important production decisions and in most years can be
controlled totally by the producer. Despite an abundance of information, however, many
producers fail to place adequate emphasis on variety selection and placement and
inevitably place varieties in less than optimum environments. This problem is
exacerbated when producers are poorly informed and in years of short seed supply. A
common variety placement mistake in the Mississippi Delta is placement of relatively
flood-susceptible cultivars in poorly drained locations where flood stress is
commonplace. Practices used to alleviate waterlogging on clay soils may improve yield
by reducing plant stress which could possibly improve productivity and profitability for
Mississippi soybean producers. Spooner (1961) observed detrimental effects of flooding
on raised beds occurred after 7 d, in contrast to effects observed after 2 d of flooding by
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Heatherly and Pringle (1991) where soybean was planted on flat soil. Fausey (1990)
reported soybean yields improved in response to improved drainage under raised bed
systems on a Clermont silt loam (fine-silty, mixed, mesic Typic Ochraqualfs). Research
in Japan has also shown ridge tillage as a feasible means of reducing water-stress
(Takahashi et al. 2006). Yield increases of 110 to 120% have been documented in
soybean planted on beds in clay fields where flood stress is common (Hosokawa et al.
2005). Increasing productivity is an important issue with world population expansion and
limited acreage to produce world food supply.
The ESPS results in less extensive vegetative growth, a reduced need for
mechanical weed control, and an increased need for maximum light interception.
Manipulation of inter- and intra-row spacing facilitates fast canopy closure and
distributes plants more evenly. Even distribution maximizes light interception and growth
and development by eliminating competition between plants. Taylor (1980) found the
yield advantage of narrow rows more evident where moisture was sufficient. Accordingly
narrow row configurations work well in areas where early season soil moisture is not a
limiting factor. The moisture effect is likely due to the higher plant populations seen in
narrow row configurations (Heatherly et al. 1999). Narrow rows generally utilize higher
seeding rates. Greater plant populations increase transpiration rates and water
requirements (Reicosky and Heatherly 1990). Seventy percent of Mississippi delta
growers planted soybean using row spacings of 38- to 51 cm for some acres in 2000
(Zhang et al. 2001). Interest in wide beds, which can support more than one row, has
increased in recent years. The objectives of this research were to evaluate the impact 100
cm-wide-beds and 200 cm-wide-beds, variety selection, and flooding duration on growth,
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yield, and profitability of flood irrigated soybean grown on heavy clay soil in the
Mississippi Delta.

MATERIALS AND METHODS
Field studies were conducted in the 2006 and 2007 growing seasons to evaluate
the impact of flooding stress on soybean planted on topographically flat soil versus raised
beds. The trial site was on Sharkey clay both years at Delta Research and Extension
Center, Stoneville, MS (33°26’N lat.). Trial design was randomized complete block with
a split- split-plot treatment arrangement and four replications. Main plot was flood
duration and consisted of no flood, standing flood for 2 or 4 days at the R2 growth stage.
Sub-plot factors included planting on flat soil (no beds), 100 cm-wide beds, and 200 cmwide beds. Sub- sub-plots included two varieties, ‘Asgrow AG4403’, a relatively floodsusceptible variety, and ‘Pioneer 94B73’, a relatively flood tolerant variety.
Soybean was planted 15 Apr 2006 and 13 Apr 2007 at a seeding rate of 287000
seed ha-1 using a 4-row John Deere Max-emerge vacuum planter with planter units
spaced 100 cm apart. Weeds were removed with herbicides prior to planting in the spring
and plots were planted into stale seedbeds, prepared in the fall to ensure early planting.
Stand counts were conducted 4 weeks after planting both years to document final plant
populations. Weed control included applications of 0.87 kg ae ha-1 glyphosate early- and
mid-May of both years. Metolachlor at 3.28 kg ai ha-1 was applied with a final
application of 0.87 kg ae ha-1 glyphosate mid-June. Azoxystrobin, 0.109 kg ai ha-1, for
control of foliar fungal diseases later in season, along with 0.029 kg ai ha-1 of lambdacyhalothrin, for control of southern green stink bug, Nezara viridula (L.), brown stink
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bug, Euschistus servus (S.), and other common soybean insects, was applied at R3, which
occurred mid-June both years. Soil moisture levels were monitored throughout the
growing seasons. Using a soil probe, a 5 cm core was taken. If moisture content was
insufficient to form a clay ribbon between fingers, irrigation was initiated. Drought in
2006 resulted in irrigation beginning late in May and continuing until early August on 7
to 10 d intervals. Irrigation was provided when soil moisture was deficient at a 5 cm
depth. Irrigation was needed in 2007 as well; however, rainfall was excessive and later
season irrigation not needed to the same degree as seen in 2006.
Flooding was imposed at the R2 growth stage which occurred in mid- to earlyJune of 2006 and 2007. Flooding was imposed by constructing levees via a levee plow
around main plots. The resulting bays were filled to a point in which all soil within the
bay was completely saturated when water reached the base of the plants at the soil
surface. Flood treatments were removed 2 or 4 d later by cutting the levee at the lower
end of the bay. At 3 weeks after treatment (WAT), aerial and below ground portions of 5
randomly selected plants were harvested from each sub- sub-plot. Root systems were cut
from the stem at the soil line and at 15 cm below the soil line, resulting in a 15 cm root
segment. Tap root diameter was measured at the soil surface as well as 15 cm below.
Secondary roots were removed from the taproot, and a dry weight was determined for the
15 cm segment of taproot. Plant height and number of mainstem nodes were recorded
from each plant collected at 3 WAT. An average leaf area index (LAI) was obtained
using an AccuPar Model PAR-80 linear PAR ceptometer from Decagon Devices, Inc of
Pullman, WA. The ceptometer measures Photosynthetically Active Radiation (PAR) in
the 400-700 nm wavebands, and inverts these readings to give a value for LAI of the
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plant canopy. LAI values were collected 3 WAT from four locations within the two
center rows of the sub- sub-plots. Yield data of each sub- sub-plot was collected in
August of both years with a Massey 8XP plot combine from the two center rows. Yield
was corrected to 13% moisture content.
Data were analyzed using the PROC MIXED procedure in SAS (SAS Institute,
1996) with year being used as a random-effect parameter testing all possible interactions.
Replications (nested within years were also considered random effects. Flood duration,
bedding system, and variety were considered fixed effects. Assuming year as a random
effect allows inferences to be made over a range of environments (Carmer et al. 1989).
Least square means were calculated and mean separation (p ≤ 0.05) was produced using
PDMIX800 in SAS, which is a macro for converting mean separation output to letter
groupings (Saxton 1998).

RESULTS
Weather and Irrigation
The production years 2006 and 2007 differed in terms of precipitation and varied
markedly from the 30 yr normal values (Table 3.1). Rainfall in 2006 was within usual
range until May, when an extreme drought was encountered. From the time period
beginning May 1 until the end of August in 2006, rainfall was 182 mm below normal and
pan evaporation (PE) was 117 mm higher. The 2006 growing season was ultimately
reliant almost solely on irrigation, and the trial was irrigated a total of 6 times during the
season. In 2007, the time period prior to planting and the first few weeks after planting
were unseasonably warm and extremely dry. The time period beginning March 1 and
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ending May 31st in 2007 was 286 mm below the 30 yr normal for Stoneville MS and the
problem was exacerbated by a 193 mm higher than normal PE during the time period.
June of 2007 proved within normal parameters; however, beginning in July and
continuing into August, rainfall exceeded normal by 133 mm for the period. Cooler
temperatures allowed for lower PE as well. Consequently, need for irrigation was less in
2007, and was only performed twice in the growing season.

Root Parameters
Interaction was only noticed between year and variety on taproot dry weight
(Table 3.4). The relatively flood-tolerant 94B73 had a markedly larger taproot compared
to the relatively flood-susceptible AG4403 in 2007. No difference in taproot dry weight
was noticed between varieties in 2006. No interaction between flood duration as a main
effect and any other effect was noticed. Flood duration impacted taproot dry weight
(Table 3.3). Flood durations over 2 d impacted taproot dry weight to the greatest extent
(Table 3.3), with a 16% reduction in taproot dry weight observed with a 4 d flood
duration relative to no flood. Planting on a raised bed, either 200 or 100 cm, increased
taproot dry weight by 6 and 12% respectively, compared to flat plantings when averaged
across flood treatments. However, only the 100 cm bedding system significantly
increased taproot dry weight over flat plantings.
With regards to taproot diameter at the soil line, interaction was noticed between
year and variety and between year and flood duration (Table 3.2). The flood-susceptible
AG4403 had a larger taproot diameter in 2006, and no difference was seen in 2007 (Table
3.4). A reduction in taproot diameter at the soil surface was seen in 2007 with a 4 d flood
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(Table 3.5). Taproot diameter 15 cm below the soil surface was also measured (Table
3.6). Interaction was noted between year and bedding system (Table 3.2). In 2006, the
largest diameters were recorded in the 100 cm- and 200 cm-wide beds. In 2007, such was
not the case, and largest taproot diameters 15 cm below the soil line were seen in flat
plantings and 100 cm-wide beds.

Plant Parameters
Plant height was not influenced by bedding system; however, an interaction
between year and flood duration occurred (Table 3.2). No differences in canopy height
were seen between no flood and a 2 d flood in 2006; however when flood duration was
greater than 2 d, height was reduced relative to no flood (Table 3.5). In 2007, a 2 d flood
duration reduced plant height 7 cm compared with flat plantings, and a 4 d flood duration
reduced canopy height to a greater extent of 15 cm (Table 3.5). Interaction between year
and flood duration occurred with respect to LAI (Table 3.2). In 2006, no difference in
LAI within the flood treatments occurred (Table 3.5). However, in 2007, increasing
duration of flood incrementally decreased LAI values. A 4 d flood resulted in one less
node per plant when averaged across years (data not presented).
Yield was impacted by bedding system, flood duration, and variety as main
effects. No interaction was observed between main effects or between main effects and
year (Table 3.2). The relatively flood-tolerant 94B73 outyielded the flood-susceptible
AG4403 by 680 kg ha-1 in 2007, while yields were similar in 2006 (Table 3.7). In regards
to bedding systems, highest yields were documented in 100 cm bedding systems both
years, a 7% yield boost on average over flat plantings. It is important to note that in 2007,
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yields from the 200 cm-wide bedding systems were similar to those on 100 cm-wide beds
(Table 3.7). It is also of importance that 200 cm-wide beds, though not similar to 100
cm-wide beds, were more productive than flat plantings in 2006. Lowest yields resulted
from flat plantings both years. Interaction regarding soybean yield was also evident
between year and flood duration (Table 3.2). Increasing the duration of flood
incrementally reduced yield both years (Table 3.7). In 2007, however, the impact of any
flooding stress tended to be greater. Reductions in yield by flood duration were 3 and 7 %
by flooding for 2 and 4d in 2006, respectively. In contrast, yield reductions of 6 and 19%
for 2 and 4d flooding, respectively, occurred in 2007.

CONCLUSIONS
Conclusions from the study support prior findings of the detrimental effects of
flooding of soybeans for durations greater than 2 d (Griffin and Saxton 1988; Heatherly
and Pringle 1991). Measured taproot parameters tended to show only marginal reductions
by 2 d floods but drastic reductions with 4 d durations. Raising a seedbed partially
alleviated this flood-induced reduction, especially 100 cm beds. Interaction was seen in
taproot mass between year and variety. The 94B73 variety had a larger taproot in 2006
than AG4403. The similarity observed in 2007 was most likely the result of the excessive
rainfall following flood treatments masking any varietal advantage. A similar trend was
observed in taproot diameter 15 cm below the soil surface where interactions between
year and bedding system occurred. In 2006, taproots were larger at deeper depths in 100
cm-wide beds than in flat plantings and the wider 200 cm-wide beds were intermediate
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and similar to both. In 2007, the largest taproot diameters 15 cm below the surface were
seen in 100 cm beds and flat plantings. It is hypothesized that the smaller taproot in 200
cm beds may possibly be erroneous measures or caused by a puddling effect of rainfall in
the middle of these wide beds, exacerbating flood-induced injury on roots.
Conclusions regarding the aboveground portion of the plant support the severe
effects of flooding for periods over 2 d. In 2006, canopy height was similar between no
flood and 2 d flood duration. When flood duration was 4 d, plant height was reduced. The
2006 growing season was extremely dry and drought conditions reduced height in the
nonflooded setting. Plots flooded for 2 d seemed to have benefited from the moisture;
whereas the 4 d flood period adversely affected plant growth. In 2007, rainfall was
excessive in late June through July. The excessive precipitation immediately followed the
imposed flooding treatments, and consequently worsened adverse effects of those
flooding. Canopy height was incrementally reduced by each 2 d increase in flood
duration, up to 16% or 15 cm in height. A very similar trend was noticed in LAI
measurements. The interaction between year and flood duration was most likely the result
of the drought in 2006 and the excessive moisture late in the 2007 growing season. LAI
measurements proved similar across flooding treatments in 2006, but decreased
incrementally in 2007 with increasing duration of flood. A 41% reduction in LAI
between 0 and 4 d flood in 2007 illustrates the potential impact of excessive flood stress
on canopy development.
All parameters measured ultimately are attempts to detect changes in plant growth
processes which affect yield. Interactions between all main effects and year were
observed. Varietal performance was similar in 2006, while the flood-tolerant 94B73
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offered 14% higher yields in 2007 than AG4403. The difference may again be attributed
to the unusually high late season rainfall in 2007. In 2006, yield was reduced by both 2 d
and 4 d flood durations, with the 4 d flood being more than two times as detrimental with
respect to yield. In 2007, the reduction was even greater. A 2 d flood duration reduced
yield by 6%, where a 4 d flood reduced yield by 19%. Beds offered a means of
ameliorating yield reductions caused by prolonged flooded conditions. In 2006, yields
were highest for conventional 100 cm-wide beds, but also were higher on 200 cm-wide
beds compared to flat plantings. Highest yields were observed on 100 cm- and 200 cmwide beds. However, only the 100 cm-wide beds offered yields higher than flat plantings.
A benefit to planting on a raised bed in modest flood durations was apparent. Yield data
supported this benefit and resembled data published by Spooner (1961) in which
detrimental effects of flooding on raised beds occurred after 7 d compared to symptoms
noted at 2 d after flooding by Heatherly and Pringle (1991).
Conditions as extreme as a 4 d standing flood are not abnormal and do
occasionally present themselves in areas where flood irrigation is utilized. Data from the
studies may also offer insight into problems with flat-planted, border-irrigated soybean
yields. Prolonged soil saturation may indeed produce the same effects seen with shallow
standing floods. Bedding may offer both increased irrigation efficiency and improved
drainage. Benefits of bedding systems, therefore, can be season-long. Although the data
shows the greatest yields in 100 cm-wide beds, the studies were planted in 100 cm-wide
row spacing. In Mississippi, early planting of early-maturing indeterminate varieties on
clays encounters problems with canopy closure. Given the yield advantage of narrow row
soybeans (Bowers et al. 2000) and the frequency of narrow row configurations in the
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Mississippi delta (Zhang et al. 2001), conventional 100 cm beds are not an economical or
practical answer to drainage issues for all growers. The 200 cm-wide bedding system
offers row spacing commonly utilized but not viable on the conventional 100 cm-wide
bedding system. Consequently, the 200 cm-wide beds a more productive practice to many
Mississippi soybean growers. Further research is needed to compare the very promising
twin-row spacing on 100 cm-wide beds and narrow row spacing on 200 cm-wide beds in
areas where drainage and irrigation may induce water stress and compromise crop yield.
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Table 3.1. Weather variables for indicated months during 2006 and 2007 soybean
growing seasons and 30 year averages for Stoneville, MS.
Avg. air
temperature

Avg. 5 cm
Total pan
soil
Month
Max
Min
evaporation Difference† temperature
_________
˚C_________ ________________________mm_____________________
˚C
30 yr normals‡
Mar
18.4
6.9
148
148
14.2
Apr
23.5
11.8
140
156
-16
19.9
May
28.3
17.0
133
197
-64
25.6
June
32.0
21.1
102
210
-108
30.5
July
33.3
22.6
99
204
-105
32.5
Aug
33.0
21.3
52
188
-136
32.5
2006§
Mar
19.8
7.6
138
4
134
15.3
Apr
26.9
15.1
187
178
9
23.7
May
29.0
17.6
73
193
-120
27.5
June
32.9
20.7
46
234
-188
32.7
July
34.0
22.3
45
229
-184
34.1
Aug
35.3
22.6
40
226
-186
34.6
2007§
Mar
24.8
10.3
17
149
-135
19.5
Apr
23.4
11.0
86
180
-94
21.2
May
30.1
17.6
32
217
-185
28.0
June
33.3
21.3
102
216
-114
32.6
July
31.8
21.8
197
171
26
31.0
Aug
36.8
23.2
87
226
-139
36.6
† Total precipitation minus total pan evaporation.
‡ 1964-1993 (Boykin et al. 1995).
§ Monthly averages obtained from Delta Agricultural Weather Center, Delta Research
and Extension Center, Mississippi State University.
Total
precipitation
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Table 3.2. Significance levels and interactions of main effects for parameters
obtained from PROC MIXED analysis.
Main
Effect†

Weight

Taproot
Diameter
Soil
15 cm
<.0001 0.0015
0.9886 0.3013
0.7297 0.0050
0.0016 0.8581
0.0034 0.8023
0.3981 0.0944
0.5443 0.6762
0.0005 0.0299
0.0053 0.5037
0.2803 0.6917
0.0694 0.3410
0.3308 0.4366
0.6327 0.0618
0.9629 0.4385
0.7651 0.7017

Leaf
Area
Indices
<.0001
0.1409
0.4348
0.0783
0.3834
0.9467
0.6332
0.0006
0.0003
0.8226
0.9401
0.6233
0.2834
0.3814
0.6832

Plant
Height

Nodes

Yield

Year (Y)
0.0182
<.0001 <.0001 <.0001
Bed (B)
0.0051
0.8794 0.5117 <.0001
YxB
0.7021
0.3408 0.3655 0.0295
Variety (V) 0.4341
0.8220 <.0001 <.0001
YxV
0.0028
0.1649 0.2505 <.0001
BxV
0.8083
0.6855 0.9557 0.8187
YxBxV
0.5247
0.6686 0.4727 0.2238
Flood (F)
<.0001
<.0001 0.0053 <.0001
YxF
0.3956
<.0001 0.3362 <.0001
BxF
0.7978
0.8939 0.6366 0.2760
YxBxF
0.2206
0.4976 0.8214 0.1434
VxF
0.1679
0.8076 0.6444 0.2511
YxVxF
0.8406
0.3501 0.4513 0.6858
BxVxF
0.6132
0.3162 0.1888 0.9846
0.5295
0.4885 0.4138 0.6832
YxBxV
xF
† The PROC MIXED procedure was performed where the fixed effects are the main
effects of bed, variety, and flood and all interactions of those main effects. The
random variables are block, block X year, block X year X flood, and block X year X
flood X bed.
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Table 3.3. Soybean taproot weight as influenced by flood duration and bedding system,
average of 2006 and 2007 and two varieties.
Main Effect

Weight†
grams______________________

_____________________

Flood duration
0
2d§
4d

2.02 a‡
1.90 a
1.70 b
Bedding Width

Flat planting
1.77 b
200 cm
1.88 ab
100 cm
1.98 a
† Averaged across relatively flood-susceptible Asgrow AG4403 and relatively floodtolerant Pioneer 94B73 grown on Sharkey clay at Stoneville, MS.
‡ Means followed by the same letter for each main effect are not significantly different
at p < 0.05.
§ Flood treatments initiated at R2 growth stage and removed following specified time
interval.
Table 3.4. Soybean varietal taproot weight and diameter at soil surface in 2006 and
2007, averaged across bedding systems and flood treatments.
Taproot Weight‡
Taproot diameter
2006
2007
2006
2007
___________
_________
grams_________
microns_________
Pioneer 94B73
1.7 a§
2.1 a
7.9 b
7.7 a
Asgrow 4403
1.8 a
1.9 b
8.5 a
7.7 a
† Soybean grown on Sharkey clay at Stoneville, MS and averaged across flat plantings,
200, and 100 cm beds and across no flood, 2d, and 4d duration flood treatments at R3.
‡ Parameters measured at R5. Secondary roots were removed for taproot weight.
§ Means in the same column followed by the same letter are not significantly different at
p < 0.05.
Variety†
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Table 3.5. Influence of flood duration on soybean taproot diameter, leaf area index, and
height, Stoneville, MS.
Taproot diameter‡
LAI§
Canopy Height
2006
2007
2006
2007
2006
2007
_______
_________
grams_______
cm_________
0
8.2 a¶
8.1 a
2.14 a
3.9 a
92 ab
92 a
2d
8.3 a
7.9 a
2.11 a
3.1 b
96 a
85 b
4d
8.1 a
7.2 b
2.14 a
2.3 c
90 b
77 c
† Soybean grown on Sharkey clay and averaged across two years, two varieties, and
three bedding systems.
‡ Secondary roots were removed for taproot weight.
§ Leaf Area Index, measured 3 weeks after flood treatments (WAT) using an AccuPar
Model PAR-80 linear PAR ceptometer from Decagon Devices, Inc of Pullman, WA.
¶ Means in the same column followed by the same letter are not significantly different at
p < 0.05.
Flood
Duration†

Table 3.6. Soybean taproot diameter 15 cm below soil surface as influenced by bedding
system, Stoneville MS.
Bedding Width†

Taproot Diameter‡
2006§

________________

2007§

____________________

microns
Flat plantings
0.87 b
0.98 a
200 cm
1.15 a
0.77 b
100 cm
1.26 a
0.90 ab
† Soybean grown on Sharkey clay both years, averaged across two varieties and three
flooding treatments.
‡ Taproot was removed 21d after flood treatments were removed, and diameter was
measured with caliper 15 cm below soil surface.
§ Means in the same column followed by the same letter are not significantly different at
p < 0.05.
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Table 3.7. Soybean yield as influenced by variety, flood duration, and bedding width on
Sharkey clay, Stoneville MS.
Flood Duration‡
Bedding Width§
0d
2d
4d
0 cm
200 cm
100 cm
___________________________________________
kg ha-1____________________________________________
2006
5560 a 5480 b 5700 a 5540 b 5310 c 5300 c 5480 b
5770 a
2007
5500 a 4820 b 5620 a 5270 b 4580 c 5060 b 5180 ab
5250 a
† Asgrow 4403 included as a relatively flood-susceptible variety and Pioneer 94B73 was
included as a relatively flood-tolerant variety.
‡ Flooding was imposed at the R2 growth stage by constructing a levee around similar
flooded treatments and pumping to a standing flood was reached at the high end of the
bay. Flood was removed after the respective number of days.
§ Bedding width consisted of 0 (flat plantings), 200 cm (wide beds), or 100 cm
(conventional beds) and were prepared in the fall prior to both growing seasons.
¶ Interaction was observed between year and each main effect. Means followed by the
same letter within a single main effect and year are not significantly different at p <
0.05.
Year¶

Variety†
94B73 AG4403
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